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Abstract 


We derive the upper bounds on certain products of R-parity- and lepton- 
flavor-violating couplings from the decays of the neutral B meson into two 
charged leptons. These modes of decays can constrain the product combi¬ 
nations of the couplings with one or more heavy generation indices. We find 
that most of these bounds are stronger than the previous ones. 
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In the standard model (SM), there are no couplings which violate baryon number B 
and lepton number L. The failures of experimental searches to hnd B- and/or L-violating 
processes show that this feature of the SM is a good one. But one notes that this feature of 
the SM is not the result of gauge invariance. In the supersymmetric standard models, there 
are gauge invariant interactions which violate B and L generally. To prevent occurrences of 
these B- and L-violating interactions in the supersymmetric standard models, an additional 
global symmetry is required. This requirement leads to the consideration of the so-called 
R-parity. R parity is given by the relation Rp = (—1)(3'B+^+2'S') g jg intrinsic spin 

of a held. According to this dehnition, Rp of the ordinary SM particles is -|-1 and Rp of 
the superpartners is —1. Even though the requirement of Rp conservation gives a theory 
consistent with present experimental searches, there is no good theoretical justihcation for 
this requirement. Therefore, the models with explicit Rp violation have been considered by 
many authors [|I| . If we discover a sign of Rp violations in future experiments, it may provide 
us with some hints of the existence of supersymmetry. 

In the model without Rp, the supersymmetric particles can decay into the ordinary par¬ 
ticles alone. So the couplings which violate Rp can be detected by using usual particle 
detectors. To discover the Rp violation in future experiments, we need to know what kinds 
of couplings are severely constrained by present experimental data. Therefore, it is impor¬ 
tant to constrain the Rp-violating couplings from the present data, especially data on the 
processes forbidden or highly suppressed in the SM. Usually, the bounds on the Rp-violating 
couplings with heavy helds are not stronger than those with at most one heavy held. 

In this paper, we try to derive the upper bounds on certain products of Rp- and lepton- 
havor-violating couplings from the decays of the neutral B meson into two charged leptons 
in the minimal supersymmetric standard model (MSSM) with explicit Rp violation. These 
modes of B^ decays can constrain the product combinations of the couplings with one or 
more heavy generation indices. We hnd that most of these bounds are stronger than the 
previous ones. 

In the MSSM, the most general Rp-violating superpotential is given by 

Wf^ = AyiLiL,£' + KjkLiQlDl + K^kU-Dpi. (1) 

Here i,j, k are generation indices and we assume that possible bilinear terms fiiLiH 2 can be 
rotated away. R and Qi are the SU(2)-doublet lepton and quark superhelds and Ef, Uf, Df 
are the singlet superhelds, respectively. Rjk and are antisymmetric under the inter¬ 
change of the hrst two and the last two generation indices, respectively; Xijk = —Xjtk and 
Kjk — ~^ikj- number of couplings is 45 (9 of the A type, 27 of the X' type and 9 

of the X" type). Among these 45 couplings, 36 couplings are related with the lepton havor 
violation. 

The simultaneous presence of the B- and L-violating couplings leads to the squark- 
mediated proton decay. To avoid a too rapid proton decay we should constrain these cou¬ 
plings very strongly: 


|A'-A"| < 10-2^ (2) 

for squark masses around 1 TeV [Q. Note that this bound does not ahect certain products of 
couplings with heavy generations at the tree level. Therefore, one can expect the possibility 


2 


of large i?p-violating couplings with heavy generation indices. But recently, the authors 
of Ref. |@] studied the one-loop structure. They showed that, choosing whichever pair of 
couplings X' and A", there is always at least one diagram relevant for the proton decay at 
one-loop level. This means there are upper bounds on all products of A' and A" from the 
proton decay. The less-suppressed pair of couplings has the bound, 

|A'-A"| < 10"^. (3) 


It is known that the bounds from the proton decay are better than those from R-meson 
decays unless branching ratios of 10“® or better are obtained [^]. To constrain violating 
couplings from the R-meson decays, therefore, we should avoid the simultaneous presence 
of R- and L-violating couplings. 

In this paper we assume that R-violating couplings of the A" type are vanishing. For 
example, one can construct a grand unihed model which has only lepton number nonconserv¬ 
ing trilinear operators in the low-energy superpotential when Rp is broken only by bilinear 
terms of the form LiH 2 |^. We observe that many additional and stronger upper bounds 
on AA' and A'A' involving heavy generations can be derived from the experimental upper 
bounds on the pure leptonic decays of the R meson; R° —>■ e+e“ or or or /i^r^ 
or 

The exchange of the sleptons and squarks leads to the four-fermion interactions in the 
effective Lagrangian at the scale of R-meson mass. Among these four-fermion operators, 
there is a term relevant for R° decays into two charged leptons. This effective term has 2 
down-type quarks and 2 charged leptons. From Eq. (1) we obtain 
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where K is the Cabibbo-Kobayashi-Maskawa (CKM) matrix and we assume the matrices of 
the soft mass terms are diagonal. 

The effective term is also related with the pure leptonic decay modes of the neutral 

K meson P|. From these decays of meson one can derive upper bounds on XX' between 
10“^ and 10“®. But for some A', which include at least one heavy generation index, the 
product combinations of the AA'-type are not constrained from iF-meson decays. R-meson 
decays can constrain certain product combinations of AA'-type which are not constrained 
from iF-meson decays. But, the upper bounds from R decays are less stringent than those 
from K decays since the experimental upper bounds on R-meson decays are weaker than 
those on iF-meson decays. 

There are upper bounds on single Rp-violating coupling from several different sources 
M- Among these, upper bounds from neutrinoless double (3 decay |^, u mass [Q and 
iF+,t—quark decays |T^ are strong. Neutrinoless double (3 decay gives < 4 x 


and A '^33 < 


10 


-3 


From iF+-meson decays one 


The bounds from n mass are A 133 < 10“^ 
obtains Ah^ < 0.012 for j = 1 
processes are assumed to be 100 GeV. Any cosmological bounds can be avoided by assuming 


< 0.012 for j = 1 and 2. Here all masses of scalar partners which mediate the 
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the smallest lepton- number-violating coupling A' is less than 10 ^ |^. Fully reviewed and 


updated limits on single i?p-violating coupling can be found in 

The measurements of the branching ratios of the S'^-meson decays to two charged leptons 
give the upper bounds (at 90% C.L.) 


and 
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B{Bd e+e“) < 5.9 x 10"®, 
B{Bd < 5.9 x 10"®, 

B{Bd e^T^) < 5.3 X 10-^ 
B{Bd /i^r^) < 8.3 X 10-^ 

B{Bd /iV) < 1-6 X 10"®, 

B{Bs /i+/i") < 8.4 X 10"®. 


(5) 

( 6 ) 


In the SM, the processes which have different lepton species as decay products are forbid¬ 
den due to the conservation of each lepton-flavor number. On the other hand, the processes 
with the same lepton species are highly suppressed; B{Bs —>■ ~ (8.0 ± 3.5) x lO”^"^, 

B{Bs /i V) - (3.5 ± 1.0) X 10- -» ig. The pure leptonic decays of Bd meson are more 
suppressed by the smaller CKM angle. So we neglect the SM contributions to the processes 
under considerations. But in the MSSM under considerations, all processes are possible 
through jC^_ 2 i at the tree-level. 

Using the PCAC (partial conservation of axial-vector current) relations 
{o\h^i5q\Bqip)) = ifsA. 


Ml 


{0\h5q\Bq{p)) = -ifs, -= -ifB.MB,, 

^ mb+ mq 


(7) 


the decay rate of the processes Bq 

SbMb 


Cj eA reads 


T{Bq^ e+) = 




+ k|)2 - 2{Kf + k]) X 


+ 


{(1^?/ + - kI - k]) + [{kI + k]) - {k} - 

ARe{A%BTj)KiKq + 2KjRe{A%C:i*){l + nj - k]) + 2fi:,Re(i37C)(,*)(1 + k] - k^)} , (8) 

where q = l{Bd) or 2(5^), Kj = We assume the universal soft mass fh. Mb^ 

is the mass of Bq meson and is the usual leptonic decay constant of the Bq meson. 
The constants Afj, B^j, and Cfj which depend on the generations of leptons and the type of 
decaying neutral B meson are given by 
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Note that Afj ^ etc. and we assume the universal soft mass. The values of Hi are the 
followings: Ki = 10“^, ^2 = 2 x 10“^, and = 0.34. So we neglect the effects of lepton 
masses if there is no r in the decay products. 

Neglecting lepton masses, the decay rate becomes simple and has terms which depend 
only on Afj and Bfj. Numerically, we obtain 


r(B, 


e,- e- 
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For example, let us think about the decay of Bd into e’''e . In this case, i = 1, j = 1 and 
g = 1. Gombining the above equation with Eq. (5), we obtain 

+< 8-5 X 10"^. (11) 


From Eq. (9), Ah = 2(-A^2i'^2i3 “ -^ 131 -^ 313 ) and Bh = 2(-Ai2iA^*3i - AiaiAgji). Under the 
assumption that only one product combination is not zero, we obtain the same upper bound 
4.6 X 10“® on the magnitudes of four coupling products; A 121 A 213 , A 121 A 231 , Ai 3 iA 3 ^ 3 , and 
A 131 A 331 . In a similar way, other upper bounds can be obtained in the cases of Bj, decays 
into jjAiJi~ and Bg decay into jjAn~, see Table |I[ 

We have two decay modes of B meson which have r in the decay products; B^ —>■ 
or /i^r^. In this case. 


T{Bq^ r"e+) + T{Bq e"r+) ^ 2.93 x 10“^° x 0.88 x 

{0,88 X + |B|y + 1.4&P + le&p) + 0.10 X (ICJI'^ + IC&P) + 

0.60 X & (BM* + At,CS)} X 




M, 


Ba 


0.2 GeV 


5.28 GeV 


100 GeV^^ 


GeV. 


m 


( 12 ) 


One obtains the most stringent bounds on |Alf 3 p and \Bhh or on product combinations of 
the AA'-type. The bounds on Blfil* and A%Cf^ are slightly weaker than those on \A%h 
and |i 3 f 3 p. These constrain the product combinations of the type of AA'A'A'. We will not 
consider these kinds of bounds on AA'A'A' since these bounds seem to be less important. The 
bounds on \C'lh\^ and ICfjp are the weakest ones. For the case of B^ decay into electron and 
r, z = 1 and g = 1. Neglecting the terms of Re[(^, B)lfi^*], 


0.88 X 


(IX 


•3.1" + 


eJit + ixiai" + iBtt) + 0.10 X (|c;y + iq^i") < 8.5 x 10 
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(13) 


Under the assumption that only one product combination is not zero, we obtain the same 
upper bound 4.9 x 10“^ on the magnitudes of eight coupling products of the AA'-type. We 
also obtain the same upper bound 5.8 x 10“^ on the magnitudes of six coupling products 
of the A'A'-type; A 3 ]^ 3 A(^ 3 , A 32 iA( 23 , -^ 331 -^ 133 ) -^ 121-^3231 ^rid A 33 ^A 333 . Among these, 

only the bound on A'^ 3 ]^A 333 is stronger than previous one. In a similar way, the bounds 
coming from B^, decay into + ijAt~ can be obtained, see Table |. In the case of B^ 
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decay into fi and r, only two bounds on A 231 A 333 and A 233 A 333 are stronger than previous 


ones. 


The previous bounds are calculated from the bounds on single i?p-violating coupling, see 
Table I of Ref. [jT^Q- AVe observe that the bounds on the product combinations of the AA'- 
type, which are between 10 “^ and 10 “^, are stronger than the previous bounds or comparable 
except those on A 133 A 333 , A 133 A 333 . This is because there exists a strong upper bound (10“^) 
on A 133 from v mass. We hnd that only 3 of 12 bounds on the product combinations of the 
A'A'-type are stronger than previous ones. 

There are bounds on certain product combinations of the AA'-type from the R'-meson 
decays into pure lepton pairs; Kl —>■ e~^e~,KL —>■ and Kl —> 0. The 

bounds from R'-meson decays are more stringent than those from R-meson decays. They 
are between 10“^ and 10“®. We observe that even though the bounds on AA' from R-meson 
decays are weaker than those from R'-meson decays, R-meson decays can constrain the 
product combinations of the AA'-type which R'-meson decays cannot constrain. 

To conclude, we have derived the upper bounds on certain products of Rp- and lepton- 
flavor-violating couplings from the decays of the neutral B meson into two charged leptons. 
These modes of R° decays can constrain the product combinations of the couplings with 
one or more heavy generation indices which the similar decay modes of K meson cannot 
constrain. We hnd that the most of the bounds on products of the AA'-type are stronger 
than the previous ones. For the bounds on products of the A'A'-type, we hnd three stronger 
bounds than previous ones. 
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TABLES 


TABLE I. Upper bounds on the magnitudes of products of couplings derived from decays 
into two charged leptons. 


Decay Mode 

Combinations Constrained 

Upper bound 

Previous bound 

Bd e+e“ 

A121A213 

4.6x10"® 

4.8 xlO"^ 


^121-^231 

4.6x10"® 

8.8 xlO"® 


A131A313 

4.6x10"® 

1.2 xlO"® 


A131A331 

4.6x10"® 

2.6 xl0"2 

Bd —> e+/i“ + 

Ai2iA'ii3 

4.6x10"® 

4.8 xlO"^ 


A121A133 

4.6x10"® 

1.0 xl0"2 


A121A231 

4.6x10"® 

8.8 XlO"® 


A122A213 

4.6x10"® 

4.8 xlO"^ 


A132A313 

4.6x10"® 

1.2 XlO"® 


A132A331 

4.6x10"® 

2.6 xl0"2 


A231A313 

4.6x10"® 

1.1 XlO"® 


A231A331 

4.6x10"® 

2.3 xl0"2 

Bd —>■ e~^T~ + e~T~^ 

A123A213 

4.9x10"^ 

4.8 xlO"^ 


A123A231 

4.9x10"^ 

8.8 XlO"® 


Al3lAii3 

4.9x10"^ 

1.2 XlO"® 


Al3lAi3i 

4.9x10"^ 

2.6 xl0"2 


A133A313 

4.9x10"^ 

1.2 XlO"® 


A133A331 

4.9x10"^ 

2.6 xlO"^ 


A231A213 

4.9x10"^ 

1.1 XlO"® 


A231A231 

4.9x10"^ 

2.0 xl0"2 


"^131M33 

5.8x10"® 

6.8 xl0"2 

Bd 

Al23Aii3 

6.0x10"^ 

4.8 xlO"^ 


A123A131 

6.0x10"^ 

1.0 xl0"2 


Ai32A'ii3 

6.0x10"^ 

1.2 XlO"® 


A132A131 

6.0x10"^ 

2.6 xl0"2 


A232A213 

6.0x10"^ 

1.1 XlO"® 


A232A231 

6.0x10"^ 

2.0 xl0"2 


A233A313 

6.0x10"^ 

1.1 XlO"® 


A233A331 

6.0x10"^ 

2.3 xl0"2 


"^231M33 

7.4x10"® 

5.7 xl0"2 


\l 

^233^331 

7.4x10"® 

1.1 xl0"i 

Bd /U+^“ 

A122A333 

2.4x10"® 

4.8 xlO"^ 


A122A131 

2.4x10"® 

1.0 xl0"2 


A232A313 

2.4x10"® 

1.1 XlO"® 


A232A331 

2.4x10"® 

2.3 xl0"2 

Bs 

A122A123 

5.5x10"® 

4.8 xlO"^ 


A122A132 

5.5x10"® 

1.6 xl0"2 


A232A323 

5.5x10"® 

1.1 XlO"® 


A232A332 

5.5x10"® 

2.3 xl0"2 
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